Simultaneous binding of three recognition sites is necessary for a concerted plasmid DNA cleavage by EcoRII restriction endonuclease.
According to the current paradigm type IIE restriction endonucleases are homodimeric proteins that simultaneously bind to two recognition sites but cleave DNA at only one site per turnover: the other site acts as an allosteric locus, activating the enzyme to cleave DNA at the first. Structural and biochemical analysis of the archetypal type IIE restriction enzyme EcoRII suggests that it has three possible DNA binding interfaces enabling simultaneous binding of three recognition sites. To test if putative synapsis of three binding sites has any functional significance, we have studied EcoRII cleavage of plasmids containing a single, two and three recognition sites under both single turnover and steady state conditions. EcoRII displays distinct reaction patterns on different substrates: (i) it shows virtually no activity on a single site plasmid; (ii) it yields open-circular DNA form nicked at one strand as an obligatory intermediate acting on a two-site plasmid; (iii) it cleaves concertedly both DNA strands at a single site during a single turnover on a three site plasmid to yield linear DNA. Cognate oligonucleotide added in trans increases the reaction velocity and changes the reaction pattern for the EcoRII cleavage of one and two-site plasmids but has little effect on the three-site plasmid. Taken together the data indicate that EcoRII requires simultaneous binding of three rather than two recognition sites in cis to achieve concerted DNA cleavage at a single site. We show that the orthodox type IIP enzyme PspGI which is an isoschisomer of EcoRII, cleaves different plasmid substrates with equal rates. Data provided here indicate that type IIE restriction enzymes EcoRII and NaeI follow different mechanisms. We propose that other type IIE restriction enzymes may employ the mechanism suggested here for EcoRII.